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Abstract 
In addition to the macronutrients (nitrogen, phosphate and potassium), micronutrients such as zinc, copper, cobalt and secondary 
elements for instance magnesium represent a major factors of crop growth and development. Beet, lettuce, onion, spinach, 
sunflower and tomato have relatively high copper requirements. 
Zinc plays a significant role in the auxins metabolism witch is well known as plant growth substances. Copper is necessary for 
photosynthesis process, as demonstrated by several authors. Concerning cobalt, this element has positive effect on the production 
of secondary metabolites. Managem group (Morocco) provides compounds containing divalent ions (Zn2+; Cu2+; Co2+; Mg2+) 
for the fertilizer industry. 
The Nano sized zinc oxide (50-200 nm; ZnO (%) ≥ 95 %) with higher specific surface area. Its reactivity affect considerably zinc 
solubility, diffusion in soil and hence Zn availability to plants. 
Magnesium, Copper and Cobalt in form of sulfates could be synthesized with high purity at the solid and liquid forms. The chemical 
and physical characteristics of Managem products give them a good competitiveness in the fertilizer market. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Scientific Committee of SYMPHOS 2015. 
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1. Introduction: 
MANAGEM is the first private Moroccan group mining and hydrometallurgical, the group has been developing 
for over 85 years its activities in Morocco and in international. MANAGEM has a broad product portfolio: base metal 
concentrates (lead, copper and zinc), precious metals (gold, silver) and high-value added products, such as zinc oxide,  
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the cathode cobalt, copper sulphate, arsenic trioxide, sodium sulphate, and nickel hydroxides. These products are the 
result of the innovation strategy adopted by MANAGEM Group through its research and development center 
REMINEX. For over 30 years, MANAGEM continues its efforts in R & D by investing more than 1.5% of its turnover.  
Research center REMINEX has more than twenty five industrial processes and seven patents in the high value 
products such as cobalt cathode and zinc oxide.  
MANAGEM is ninth in the world ranking of the cobalt cathode producers. This ranking was achieved through the 
research and development efforts. Cobalt ore is transported from Bou-Azzer mine to the Guemassa mine. A first 
roasting step allows recovery of all arsenic. Followed by numerous steps as leaching, purification and a solvent 
extraction to remove any impurities.  
Cobalt is produced as a cathode with a high purity Cobalt (Co > 99.95 %). The other feature of this process is the 
production of low nickel cobalt cathode, this innovation allows to MANAGEM annual production from 1400 to 1700 
t cobalt. 
MANAGEM produced 10000 T/year of copper metal in oxidized copper concentrate from our operations by a 
flotation process.  
Zinc oxide is produced from calamine as raw material. The annual production of zinc oxide is between 6,000 to 
10,000 T. The obtained product (ZnO ≥ 95%) is characterized by its chemical purity, the nanoparticle size (50-200 
nm) and its specific surface area, which improves its solubility and hence its availability to plants when used as much 
as micronutrient in the fertilizers. 
The availability of the raw material in Morocco, the expertise and the Know how allow  MANAGEM to produce 
metal salts sulfates, carbonates, hydroxides, and mixed products of copper, cobalt, zinc, magnesium, and manganese. 
These products are already industrially piloted and products were tested by different fertilizers producers. 
2. The statement of the use of Zinc, Copper, Magnesium, and Cobalt in fertilizers :  
2.1. Zinc: 
Zinc deficiency is one of the most widely micronutrient problems limiting agricultural productivity, with 
approximately 49% of the arable soils of the world being Zn deficient. [1,2,3]. Typically, Zn deficiency in plants is 
associated with calcareous high pH soils because of low Zn availability or with coarse textured (sandy), highly 
leached, acid soils because of their low total Zn content [4]. 
Zinc is involved in carbohydrate and protein metabolism [5]. It is also required for the synthesis of tryptophan, a 
precursor for the synthesis of indoleacetic acid [6]. Zinc appears to have an active role in the production of auxins for 
a range of plant species [7, 8]. The most pronounced Zn deficiency symptom of stunted growth and ‘little leaf rosette’ 
of plants, particularly fruit trees [9], appears to be related to the physiological function of Zn in auxin production [10]. 
- Four approaches used to avoid Zn deficiency are:  
- Soil applications;  
- Foliar applications;  
- Coating Zn onto macronutrient fertilizer to preserve a more uniform distribution of Zn in the field and to 
provide a cost-effective delivery of the small amounts of Zn required [3]. 
- Dipping seedlings in Zn solutions or suspensions at transplanting (e.g. rice [11]). 
The effectiveness of Zn fertilizers for providing plants with Zn should not only be driven by considerations of water 
solubility of the product. Several investigation shows that even with the great differences in water solubility of Zn 
between the ZnO products and ZnSO4, we observed little difference in bioavailability to plants between these two 
sources and in some cases ZnO products showed slightly higher Zn supply to plants than ZnSO4 when uniformly 
mixed through soil [12]. 
The ZnO NPs is commonly used as an additive in several materials and products such as ceramics, glass, rubber, 
pigments, batteries, foods as source of Zn nutrient. His incorporation into fertilizers as source of Zn may be a 
promising approach to exploit its potential solubility to improve the efficiency of Zn fertilizers compared with bulk 
(micro) ZnO. Particle size might affect agronomic effectiveness of Zn fertilizer. Mortvedt [13], reported that particle 
size decreased results increases the specific surface area of a fertilizer, which should increase the dissolution rate of 
fertilizers with low solubility in water such as zinc oxide (ZnO).  
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2.2. Magnesium: 
Magnesium sulfate can be found as a naturally occurring mineral or it can be produced synthetically. The two most 
commonly occurring, non-synthetic magnesium sulfate minerals are kieserite (MgSO4, H2O) and epsomite (MgSO4, 
7H2O) [14]. 
Magnesium Sulphate is added to livestock feed as a magnesium supplement when necessary, it is used as a soluble 
salt for outdoor and glasshouse fertigation programs as well as a foliar fertilizer for application to crops to help 
overcome magnesium deficiencies [15].  
Actual application rates will vary according to farm type, climate, productivity, soil type and crop type. Magnesium 
is vital in maintaining crop growth and yield. Specifically, magnesium is critical in biochemical and physiological 
plant processes, including photosynthetic carbon dioxide fixation, protein synthesis, chlorophyll formation, 
partitioning and utilization of photoassimilates, photophosphorylation (including ATP formation in chloroplasts), 
loading of sucrose in the phloem, photo-oxidation in leaf tissues, and the generation of reactive oxygen species [16].  
Fertilizers composed of synthetic or non-synthetic materials that contain synthetic magnesium sulfate may be used 
as plant or soil amendments in organic crop production as long as the soil deficiency has been identified. For crops 
such as cereals, potatoes, and outdoor vegetables, Magnesium Sulphate is typically dissolved in water and sprayed on 
when herbage magnesium levels are low or deficiency symptoms occur [17,18]. 
Magnesium plays a role in a biochemical mechanism that some plant species use to reduce aluminum toxicity in 
acidic soils. A sufficient level of magnesium is needed for the release of organic acid anions from roots to modify an 
aluminum-toxic root-zone soil [19].  
2.3. Copper: 
Copper is an important component of proteins found in the enzymes that regulate the rate of many biochemical 
reactions in plants. Plants would not grow without the presence of these specific enzymes. Several works [20, 21] 
proved that copper: 
- Promotes seed production and formation; 
- Plays an essential role in chlorophyll formation; 
- Is essential for proper enzyme activity. 
Copper deficiencies symptoms are characterized by a general light green to yellow color in the small grain crop. In 
carrots it causes pale roots, while in onions it causes dieback and curling of the leaf tips. Copper deficient onions may 
also have pale bulbs with thin scales. 
If Cu deficiency is severe enough, growth of small grains ceases and plants die after reaching the growth stage 
[22]. 
Deficiencies of copper and of zinc each depressed vegetative growth and delayed maturity: at maturity, each 
deficiency enhanced straw yields and depressed grain yield. 
2.4. Cobalt: 
Recently, cobalt a transition element, have received more attention because of its positive effects on the production 
of secondary metabolites. Indeed, Cobalt is an essential component of several enzymes and co-enzymes [22]. It has 
been prouved that cobalt affects growth and metabolism of plants, in different degrees, depending on the concentration 
and status of cobalt in rhizosphere and soil. Low concentration of Co2+ in medium stimulates growth from simple 
algae to complex higher plants [23]. 
Being a component of vitamin Bl2 and cobamide coenzyme, Co2+ helps in the fixation of molecular nitrogen in 
root nodules of leguminous plants. But in cyanobacteria, CoC12 inhibits the formation of heterocyst, ammonia uptake, 
and nitrate reductase activity [24]. 
The interaction of cobalt with other metals mainly depends on the concentration of the metals used. For example, 
high levels of Co2+ induce iron deficiency in plants and suppress uptake of Cd by roots. It also interacts synergistically 
with Zn, Cr, and Sn. So, the beneficial effects of cobalt include retardation of senescence of leaf, increase in drought 
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resistance in seeds, regulation of alkaloid accumulation in medicinal plants and inhibition of ethylene biosynthesis 
[25]. 
Red beet (Beta vulgaris L.) is cultivated throughout the world for its roots, which are used as a food and as a source 
of natural dye. The roots are usually cooked to be eaten in salads or pickled. Extracts obtained from red beet roots 
have been shown to have anticancer, detoxifying, and tonic properties. 
Besides, there are not previous reports showing the effects of microelements on the production of betalains in red 
beet. Also, the results showed that a positive effect of Co2+ on the production of betalains was only accomplished 
when it was added at the beginning of the culture. 
3. Managem products in fertilizer market : 
The agriculture micronutrient market is estimated to grow at a CAGR (Compound annual growth rate) of 6% from 
2013 to 2018, reaching 1,335.4 thousand MT by 2018. The most widely used form of micronutrient is the inorganic 
form which includes oxides and carbonates, and metallic salts such as sulfates, chlorides, and nitrates. Zinc has the 
largest consumption volume accounting for 36% of the total market volume [26]. 
Managem produce nanometric zinc oxide (ZnO NPs) characterized by its chemical quality (Table 1), its specific 
surface area, and its nanometric size (50 nm - 200 nm) (Fig.1). These features improve its solubility compared to the 
bulk (micro) zinc oxide, and promotes its availability to plants upon the fertilizer application. The general 
hydrometallurgical flow diagram of the manufacturing process of nano zinc oxide, and the production of other macro 
and micronutrients is given in Fig.2. MANAGEM may also produce sulfates, carbonates, mixed hydroxides of Zn, 
Cu, Co, Mg and Mn, for particular applications. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                  Fig.1: Transmission electron microscopy image of MANAGEM ZnO NPs. 
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Fig.2: Flow-sheet of Managem micro and macronutrient production. 
Chemical quality offered by the MANAGEM products (Table 1 and Table 2) meets the fertilizer market 
requirements in terms of heavy metals (Table 3), and allow MANAGEM be well positioned in this market. 
                                Table 1. Technical specification of MANAGEM ZnO NPs. 
 
 Technical specifications    
 Zn as ZnO (%) 93-94  
 Lead (Pb) (ppm) ≤ 10  
 MgO (%) 1-2  
 Manganese (Mn) (%) ≤ 0,37  
 Copper (Cu) (%) ≤ 0,25  
 Iron (Fe) (%) ≤ 0,4  
 Residue on Sieve (45 µm) (%)  ≤ 0,5  
 Bulk Density (Kg/m3) 650-1000  
      
                     Table 2. Technical specification of magnesium, copper and cobalt sulphate. 
 
Formula MgSO4.7 H2O CuSO4.5H2O CoSO4.7H2O   
Purity (%) 98 95 95  
Insoluble in water (%) 0,03 0,07 0,05  
Pb (ppm) max < 10 < 10 < 10  
Cd (ppm) max < 10 < 10 < 10  
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                              Table 3. Limit for heavy metal in micronutrient [28, 29]. 
 
Heavy metal 
Upper limit for heavy metal (mg heavy 
metal/Kg micronutrient) for straight or 
mixtures of B, Co, Cu, Fe, Mn, Mo or Zn 
fertilizers (1) 
  
ppm per 1 % Micronutrient (2)  
AAPFCO (Association of American 
Plant Food Control Officials)   
As 1000  112  
Cd 200  83  
Pb 600  463  
Hg 100  6  
Ni 2000  1.900  
          
                                 (1): Inorganic fertilizers – Max. Limit values for heavy metals in micronutrient fertilizers.    
                                 (2): Fertilizers with both a phosphate and a micro-nutrient guarantee.     
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